Intervention programs aimed at preventing tobacco use among youth have been shown to be effective in curbing tobacco use onset and progression. However, the effects of even very successful tobacco prevention programs may not always impress policy-makers and lay audiences. Economic analysis potentially strengthens the case. In this paper, we evaluate the cost-effectiveness of a youth tobacco use prevention program which has been translated and implemented in India, a developing country. Although programs like these are inexpensive to implement in the USA, they are even less expensive in India due to low labor costs. Our results show that the costs per quality-adjusted life-year added, due to averted smoking, was $2057, even without including averted medical costs. If we ignore student time, cost-effectiveness improves by roughly 10%. To put the cost-effectiveness of this smoking prevention program into context, it is over 24 times more cost-effective than dialysis in the USA, which costs $50 000 for a life-year.
Intervention programs aimed at preventing tobacco use among youth have been shown to be effective in curbing tobacco use onset and progression (Flay, B. (2009) ). However, the effects of even very successful tobacco prevention programs may not always impress policymakers and lay audiences. This is because tobacco use prevention and cessation are never universally successful. Economic analysis potentially strengthens the case because intervention programs are relatively inexpensive to implement and the health gains per averted tobacco user are very high. Therefore, cost-effectiveness is an important, yet underutilized, tool in exposing the benefits of tobacco use prevention and cessation programs.
Tobacco use prevention programs have been shown to be cost-effective in the USA and other Western countries (Wang et al., 2001; Dino et al. 2008) . However, tobacco use prevention programs in non-Western countries are far less common. While the benefits of tobacco use prevention and cessation programs may be successfully adapted to developing countries, there are notable differences which affect costeffectiveness. First, the cost will be lower because intervention costs are mainly composed of 'time costs'. Time costs represent the value Health Promotion International, Vol. 28 No. 2 doi:10.1093/heapro/dar095 of time devoted to a particular task, in this case teachers, staff, volunteers and community workers who are participating in implementing these programs as opposed to another activity. This is otherwise known as the opportunity cost. Economists typically value the cost of an hour of time at the individual's hourly wage, and wages are far lower in developing countries. Secondly, because tobacco use, particularly cigarette smoking, likely has not 'peaked' in developing countries such as India, nor established itself as a social norm, cessation and prevention programs themselves may be more successful. Note that the value placed on human life will vary from country to country and society to society.
In the USA, there have been a few costeffectiveness studies of tobacco prevention and cessation programs for youths. Wang et al. estimated (Dino et al. 2008) .
In our study, we show that the project Mobilizing Youth for Tobacco-Related Initiatives (MYTRI) is cost-effective in two cities in India. That is, the cost per life-year added, quality-adjusted or not, is well within any known threshold. Furthermore, our results compare favorably to the aforementioned results from developed countries.
The MYTRI study Project MYTRI was implemented in the cities of Delhi and Chennai during the period [2004] [2005] [2006] . Project MYTRI was a group-randomized intervention trial that aimed to reduce tobacco use among school-going adolescents in grades 6-9 (Stigler et al. 2007; Perry et al. 2009 ). There were intervention and control groups in both cities. Over 14 000 10-16-year-old students in 32 schools participated over 2 years in this project, which was implemented in partnership between the University of Texas School of Public Health and Health Related Information Dissemination Amongst Youth (HRIDAY), a non-governmental organization that works on tobacco control in Delhi, India.
Indian students in the sixth grade are between 11 and 12 years of age, and 50.9% of students in the study were sixth graders at baseline. Forty-three percent of the students were female. School types are an indicator of socioeconomic status, with relatively wealthy students attending private schools. Sixty-one percent were enrolled in government (lower socioeconomic status) schools. The students were roughly split between Delhi and Chennai. In the control group, 1.38% (20.09, 2.85) reported 'any' tobacco use versus 3.42% (1.95, 4.89) in the intervention (Perry et al. 2009 ).
The intervention program was based on successful prevention programs that had been implemented in the West (e.g. USA), and appropriately 'translated' for use in this setting (Perry et al. 2009 ). The intervention aimed to reduce the prevalence of multiple forms of tobacco use, e.g. chewing tobacco, cigarette smoking and bidi smoking, that are prevalent in India (Reddy and Gupta, 2004) . The intervention model addressed both intrapersonal (knowledge, beliefs, meanings and values) and socioenvironmental (social norms, peer influence) factors that are known risk factors for youth tobacco use in India (Stigler et al., 2006) . Training for teachers and youth (i.e. peer) leaders was provided at the beginning of each year of this 2-year intervention which was delivered to two cohorts of youth: (i) those in sixth and seventh grades, (b) those in eighth and ninth grades. Throughout each school year, teachers and peer leaders received continued support from the project staff. Materials were developed in multiple languages (Hindi, Tamil and English based on medium of instruction in schools), and included manuals, game boards, game cards and handbooks for the students.
Project MYTRI had four main intervention components. These included classroom activities, behavioral curricula that were delivered through seven peer-led activities in the sixth and eighth grades in 2004-2005, followed by six such activities for seventh and ninth grade students in 2005 -2006 . Six school posters were provided each year according to the themes of the classroom activities. Posters were hung in classroom and around the schools during a particular activity. Six parent postcards were distributed in the year 2004-2005 and were sent home to parents with the students, after an activity. Finally, peer-led health activism included competitions that were held within and between School-based smoking prevention program 179 schools, specific to material covered in classroom activities. In addition, peer leaders were asked to facilitate the implementation of all activities in the classroom, in both years.
All the above components were designed synergistically to achieve maximum impact on tobacco-use risk factors. The intervention lasted for about 4 months each year, with around 15 h of activity each year.
The study outcomes were evaluated using a self-administered survey that was implemented in the classrooms prior to the beginning of the intervention (2004), after year 1 of the intervention (2005) and after year 2 of the intervention (2006) . The main outcome measures were selfreported use of cigarettes, bidis and/or chewing tobacco, and intentions to smoke or chew tobacco. Current tobacco use was measured using three binary variables: 'During the last 30 days, did you chew tobacco in any form?', 'During the last 30 days, did you smoke one or more bidis?', 'During the last 30 days, did you smoke one or more cigarettes?'. Students who answered yes to one or more of these questions were considered current tobacco users of any tobacco. Multi-item risk factor scales were also created to measure intentions, susceptibility to use tobacco (smoke or chew) as well as other risk factors like beliefs, knowledge, self-efficacy, etc. Further information about these measures is provided in other publications by this research team (Stigler et al. 2006) . The outcome assessment found that over the 2-year period, students in the control group increased their cigarette and bidi smoking at a rate that significantly exceeded the increase in the intervention group. No significant differences were found for chewing tobacco use between the two groups over the 2 years of the study period (Perry et al. 2009 ).
METHODS FOR THE COST-EFFECTIVENESS STUDY OF MYTRI
The chief method we will use is the costeffectiveness ratio (CER), both quality-adjusted (cost-utility) and not quality-adjusted. We are assessing the incremental CER of the MYTRI intervention versus no intervention in the control. CER captures the dollars per life-year added due to the intervention, which we also quality-adjust in one case. CER allows policymakers to compare the cost per benefit of one type of intervention, be it medical or public health, to all others. While there is no accepted threshold in any country, the cost of additional life-years added can also be compared to creative indicators of societal willingness-to-pay for those additional life-years. For instance in the USA, anyone needing dialysis is automatically eligible for Medicare reimbursement. This life-sustaining procedure costs at least $50 000 per year and adds a minimum of one life-year, making the cost roughly $50 000 per life-year. Similarly, in India, the estimated cost of peritoneal dialysis per year is approximately $7000, which in turn is about 240% of India's per capita gross national income (Li and Chow, 2001; Sakhuja and Sud, 2003) . Therefore, if an intervention such as MYTRI costs less per life-year added, we should be willing to pay for it as well.
Cigarette/bidis smoking progression Our progression model closely follows the approach developed by Wang et al. (Wang et al. 2001) , who projected smoking at 26 years of age based on smoking status at the age of 14. We focus on bidis and/or cigarette smoking, but not chewing tobacco, since MYTRI was successful with these substances. As with Wang et al. (Wang et al. 2001) , we split the projection into three stages, from 14 to 18, from 18 to 22 and then from 22 to 26 years of age. Wang et al. defined established smokers to be anyone who had smoked over 100 cigarettes (Wang et al., 2001) . However, we do not have data on the amount of cigarettes smoked in stage one, so we defined students reporting current use or 'ever use' as experimenters instead. In the second and third stages, established smokers were defined as such based on 'current use'. This is consistent with the 1994 Surgeon Generals Report (U.S Department of Health and Human Services (1994) . As in their progression model, we first projected the likelihood of becoming an experimenter during the MYTRI trial.
As in Wang et al. (Wang et al. 2001) , our Markov chain model assumes that once you are an established smoker at any of the three stages between 14 and 26 years of age, you are an established smoker henceforth (for the rest of your life). This ensures that our projection is conservative, not assuming that smoking cessation subsequent to the trial is due to the trial. Experimenters at the end of the trial (stage one) can either remain experimenters or become smokers during any of the three stages. Non -smokers at the end of the MYTRI trial can either become experimenters, remain nonsmokers, or become established smokers.
Following Wang et al. (Wang et al. 2001) , the following five equations describe our smoking progression model. The terms of the equations are defined in Table 1 . Subscript i is for intervention, while subscript c stands for control; subscript e stands for established smoker, while subscript n is for nonsmoker. Equation (1) captures the probability of three-stage progression towards being an established smoker at 26 years of age, given experimentation at age 14; equation (2) captures the probability of three-stage progression towards being a non-smoker at 26 years of age, given no experimentation at age 14. Equation (3) provides the number of estimated established smokers at age 26 in the intervention group, and equation (4) provides the same estimate for the control group. Note that the control group in equation (4) is 'prorated' to the number of people in the intervention, N ¼ 6365. Of course, equation (5) is the estimated number of averted established smokers due to the intervention. Equations (1) and (2) are inserted into equations (3) and (4).
Figure 1 illustrates the progression model from equations (1) through (5) based on Wang et al. (Wang et al. 2001) . Table 1 lists the conditional probabilities used in equations (1) through (5) and their sources. The conditional probabilities are typically the probability of smoking at age X, given that you did (or didn't) smoke at an earlier age. The first two parameters come from the MYTRI trial itself (Perry et al. 2009 ). Note that the other parameters follow Wang et al. (Wang et al. 2001 ), but we list their primary source. The 95% confidence limits are also provided in Table 1 .
Life-years added, quality adjustment
The number of life-years added due to averted smoking is due to Dino et al. (Dino et al. 2008) . However, the primary source is Rogers and Powell-Griner (Rogers and Powell-Griner 1991) . Averting smoking adds 7.2 life-years at age 26. In all cases, we would have preferred to have had access to conditional probability data from Indian subjects. However, life tables and conditional probabilities require long cohorts on smoking. The lack of availability necessitated the use of data from the USA. However, lifetime patterns of tobacco use are unlikely to differ greatly due to the addictive nature of nicotine.
We applied a ratio on quality adjustment as in Wang et al. (Wang et al. 2001) . They had used the recommendations based on Cromwell et al. (Cromwell et al. 1997) .
Costs
Cost information for the 2-year intervention was collected from the research team at HRIDAY in Delhi, India. All costs were provided in terms of 2006 US dollars. Cost of implementing the intervention in 16 schools over 2 years were included in the calculations.
As shown in Table 2 , there are two major components of cost for Project MYTRI. There were the costs for training project staff and school teachers, and the costs for implementation. In both these categories, personnel time costs were also included. Student time costs were included, for peer leaders who participated in training (see the left side of Table 2 ) and for all students who joined intervention activities (see the right side of Table 2 ), at a cost of 20 cents per hour by assumption. The cost-effectiveness analysis was conducted both with and without including student time costs, as shown in Table 2 .
Training costs included time costs for personnel as well as other training costs (Table 2) . Time costs were factored in for Project MYTRI staff (community coordinators, research staff, other project staff, project directors) as well as school teachers and student peer leaders who participated in training workshops over the 2 years, both in Delhi and Chennai. Intervals in School-based smoking prevention program 181 brackets indicate that the range of wages paid over the 5 years of MYTRI, although the the intervention being analyzed was only 2 years, in 2004 dollars. Ranges are used in the sensitivity analysis, as explained below. Other training costs included the travel costs for personnel (both intra-city and inter-city travel), venue rental costs and other workshop costs, such as refreshments, training materials and supplies. These costs totaled to $32 318 for 16 schools (or $2020 per school), including peer leader time; after excluding the latter, the training costs totaled to $23 486 for 16 schools (or $1468 per school). Implementation costs include the costs for time spent by various personnel involved in implementation activities as well as other costs for implementation (Table 2) . Personnel costs include time spent by project staff, school teachers, peer leaders and other students who were engaged in the activities. Other implementation costs were related to various materials that were developed over the 2 years of the intervention and disseminated in the 16 schools in both Delhi and Chennai. The costs for implementation of Project MYTRI over 2 years were $144 282 for 16 schools (or $9018 for one school); after excluding student time the implementation costs were $116 174 for 16 schools (or $7261 for one school).
Thus, the total costs for Project MYTRI over 2 years for 16 schools in Delhi and Chennai were $181 564, or $155 059 excluding student time costs.
Sensitivity analysis
Our smoking progression model was subject to a sensitivity analysis. Our sensitivity analysis differed from Wang et al. (Wang et al. 2009 ) in that we used the triangle distribution with the support bounded by the 95% confidence interval. Each parameter in Table 1 was drawn simultaneously from a triangle distribution randomly. One thousand draws were made, enabling a distribution to be constructed.
Because the confidence limits for P i and P c partially overlap, as shown in Table 1 , roughly one-quarter of the drawings reveal that smoking experimentation was lower in the control than the intervention. We excluded outlier draws where CER or CEA was above $100 000 or was below 2$100 000, which occured 12 times in 1000 draws. Table 3 shows the results. Our tobacco use progression model show that 12 people were projected to avert tobacco use by age 26 due to MYTRI. At 2.88 life-years added per averted tobacco user, this translates into 35 life-years added due to MYTRI. If we quality-adjust, 54 life-years are added due to MYTRI.
RESULTS
The cost per quality-adjusted life-year added due to averted smoking was $2769, or $2492 if we ignore student time. The cost per life-year added due to averted smoking was $4348. If we ignore student time, cost-effectiveness improves by roughly 10% to $3912. To put this into context, this is approximately two times more cost-effective than peritoneal dialysis in India or over 12 times more cost-effective than dialysis in the USA, where it costs $50 000 for a life-year.
Our sensitivity analysis reveals that our results are not sensitive to any one parameter. The upper bound of our cost-effectiveness estimate remains within any accepted costeffectiveness ratio. Figure 2 shows the acceptability curve.
Medical costs
Note that we do not include medical costs averted, unlike Wang et al. (2001) 
DISCUSSION
Our results show that the cost-effectiveness of tobacco prevention/cessation programs in the USA (Wang et al., 2001; Dino et al., 2008) (Dino et al. 2008) . It may be that concentrating on smokers through cessation is more cost-effective than spreading prevention resources to students in general. The purpose of the cost-utility analysis is to compare alternative ways to produce a qualityadjusted life-years, whether through public health interventions medical interventions or regulation (Gift et al., 2003) This allows us to, theoretically, efficiently allocate resources among alternate ways to produce health. Our analysis does this, but also raises questions of where to allocate resources. Assuming a life-year in India is worth the same as a life-year in the USA, lower time costs due to low wages in India mean that interventions are far cheaper to implement in India. On the other hand, the present value of averted medical cost in the USA in 1990 dollars was $8638 for men and $10 119 for women (Wang et al., 2001) . Therefore, averted medical costs are much higher in the USA.
The societal willingness-to-pay for a life-year may be lower in India than in the USA. In the USA, four methods are used to estimate the willingness-to-pay for a life-year: (i) using yearly salary and wage information, (ii) looking at wage differentials for similar jobs where one is riskier (painting the top of a water tower versus the bottom), (iii) looking at the price for safety equipment like side air-bags in automobiles, and (iv) surveys where the question is asked (contingent valuation) about willingness to pay. From a 2001 meta-analysis, the median price per lifeyear was $265 000, which is over five time the price per life-year due to dialysis. In India, the estimated price per life-year is undoubtedly less.
Although there are no universally accepted criteria for determining which intervention is cost-effective in developed countries, criteria for cost-effectiveness in developing countries are even less widely accepted. Recommendations made by international bodies such as the Commission on Macroeconomics and Health may be used, especially in developing country settings where there is a dearth of evidence on cost effectiveness ratios of different health interventions. The Commission recommends that an intervention that costs less than the respective country's per capita gross domestic product (GDP) may be considered to be very cost effective. In 2008, India's per capita GDP was estimated at $2900. Given that the cost per life year saved by the MYTRI intervention is $3962, the school-based multicomponent model employed by Project MYTRI would not be considered cost-effective. However, given that MYTRI was implemented in urban Indian settings, where wages are higher, then the project was likely cost-effective in urban settings.
In order to make the international comparison more meaningful, we replaced the wages earned in India with US wages in our time cost estimates. The cost of the intervention went up by over five times when student time is evaluated at minimum wage. However, when student time is not included, as in Wang et al. and Dino et al. (Wang et al., 2001; Dino et al., 2008) , the cost of the intervention went up by a more modest 1.5 times. When student costs were not included, the cost per quality-adjusted life-year was $10 430.
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Our results show that MYTRI is a costeffective program, costing just $2769 per quality-adjusted life-year. Our smoking progression model was limited by the lack of epidemiological data for tobacco use among Indian youths and adults. For instance, we may be underestimating the addictiveness of bidis in the context of regular use (Hoffman et al., 1974; Pakhale et al., 1990) . Our results can thus be seen as conservative. Since there are greater prevention and cessation resources in the West, and stronger non-smoking norms, it is likely that regular smoking may increase in India once initiation has occurred. We do no include medical costs, which would strenthen the results. There are, of course, normal uncertainties about any attempt to project the benefits of tobacco use prevention. These differences may be eroding, however, due to the global treaty on tobacco control. Nonetheless, prevention efforts are needed in developing countries, and MYTRI was one such successful program.
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